NAC mosaics. In cases where the full extent of the scarp has not yet been covered by NAC imagery, a WAC 100 m global mosaic was used in combination with NAC imagery to estimate scarp lengths. Slopes were determined along the steepest section of the scarp face in profiles showing the greatest relief.
Results: The lobate scarps typically exhibit asymmetric profiles with relatively steeply sloping scarp faces and more gently sloping back scarps [1, 5, 10] ( Fig. 1-2 ). They share similar basic morphological elements with lobate scarps observed on Mars, Mercury, and Eros. Maximum scarp-face slopes for the munar examples range from ~5°-29° (mean=13°; median=12°; n=26) [5] and are comparable to slopes reported for planetary lobate scarps (≤17°) [10] [11] and Hinks Dorsum (~20°) on Eros [12] .
Lengths of lobate scarp segments range from ~0.6-21.6 km (mean=6.0 km; median = 4.4 km; n=79) ( Fig.  3) [5]. The longest scarp segments (>10 km, n = 11), with the exception of one, occur within 33° of the equator. The significance of this observation is not yet clear. Relief of the 26 lobate scarps analyzed with NAC DTMs and LOLA profiles ranges from ~5-150 m (mean=35 m; median=20 m) (Fig. 4) [5] . All but five of the scarps measured so far have a relief of <41 m. While the scarps with the largest relief (≥64 m; n = 5) are located near the equator (within 20°) and at very high latitudes (polewards of 84°), scarps with a relief up to ~20-30 m are observed at nearly all latitudes. Current data indicate that the lobate scarps as a whole typically exhibit tens of meters of relief and are tens of kilometers or less in length [5] , consistent with previous estimates [1, 3] . Lunar lobate scarps are typically smaller than examples found on Mercury and Mars, some of which have reliefs >1 km and are up to 100s of kilometers in length [13] [14] [15] [16] [17] , but are comparable to Hinks Dorsum on Eros with scarp segments ranging in relief from 25-60 m, and up to 18 km in length [12] .
Using the relief (h) and a range of 20°-40° for the fault plane dip (θ), we estimate a range for the lower limit of horizontal shortening (S) expressed by the lobate scarp thrust faults by assuming it is a funtion of the relief of the scarp and the dip of the surfacebreaking fault-plane (S = h/tan θ) [i.e. 10, 18-19] . Estimated lower limits for S range from ~10 to 410 m [5] . The horizontal shortening of individual lobate scarps is an expression of either the regional or global contractional strain. The range in S estimated for the lunar
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examples is thus consistent with a small amount of global contractional strain. Lunar lobate scarps are comparable in scale and S to Hinks Dorsum (~0.072-0.165 km) [12] . The origin of compressional stresses with sufficient magnitude to form thrust faults on Eros is still not well understood, but likely includes impactinduced compression [12, 20] . The lunar results are roughly an order of magnitude lower than estimates of S for planetary thrust faults (up to ~3-4 km), consistent with larger amounts of regional and global contractional strain associated with the scarps on Mars and Mercury respectively [10-11, 16-17, 19] .
The frictional strength of the upper crust and megaregolith determines the stress necessary to initiate thrust faulting on the Moon. The minimum horizontal stress necessary to initiate faulting can be given by:
where z is the depth of the fault, g is the acceleration due to gravity, ρ is the density of the crustal material, f s is the coefficient of static friction, and p w is the pore pressure which for the Moon, is set to zero [21] . Because of the comparable scale and horizontal shortening expressed by Hinks Dorsum, we use the modeled depth of these faults (~240 m) [12] , to conservatively estimate a maximum depth of 1 km for the lunar scarps. Laboratory measurements on the maximum shear stress needed to initiate movement as a function of normal stress are best fit by a maximum coefficient of friction of 0.85 for thrust faults [21] . Assuming failure in the upper lunar crust is controlled by the frictional strength [21], we use lunar gravity of 1.63 m/s 2 , an estimated megaregolith average density of 2700 kg/m 3 , f s = 0.85, and z =1 km to estimate an upper limit for the near-surface shear strength of the Moon of ~16 MPa. Assuming there is no significant unexpressed contractional strain, compressional stresses on the order of ~16 MPa would be needed to initiate thrust faulting on the Moon [5] [6] .
The relatively low relief and small amount of horizontal shortening estimated for the measured scarps is consistent with a small amount of global radial contraction. A low level of isotropic compressional stress due to a small amount of radial contraction is consistent with the low levels of compressional stress needed to initiate shallow-rooted thrust faults on the Moon. 

